76
When used in forest science, evaluates size inequality of trees growing in a vicinity 77 (Weiner, 1990) . For a patch of forest containing trees, within which the th and th tree have (1)
80
Therefore, is a statistical measure of relative dispersion, which is equivalent to half of the 81 relative mean absolute difference (Valbuena et al, 2017 : appendix A3), and it ranges between 82 0-1, zero representing perfect equality and one being maximum inequality (Gini, 1921) . Hence 83 describes the shape of tree-size distributions and is influenced by 
Influence of Plot Size in Measurements of Forest Structure

92
Sample plots used for measuring plant communities are usually rectangular or circular in shape 93 (Whittaker, 1972; Kent and Coker, 1992) , with a wide range of possible plot sizes from fine to 94 coarse scales (Chytrý and Otýpková, 2003) . As the effects of plot size decrease with increasing inequality, there is a lack of knowledge on the effects of varying plot size and spatial resolution.
123
Scan density is one of the most important aspects of ALS datasets that affects both processing 
Objectives
135
The aim of the study is to evaluate the effects of plot size and ALS scan density on field and
136
ALS-derived estimates of in the boreal forests of Finland. We developed a simple method 137 for selecting the optimal plot size for determining the of tree size inequality from field data,
138
and for predicting reliably using ALS metrics as auxiliary variables. 
Material and Methods
140
Study Area and Field Data Collection
141
The study was carried out in a typical boreal managed forest located in Eastern Finland (62˚ 
Basic Relationships
270
The plot size and spatial resolution at which an ALS-assisted estimation is carried out relates (Fig. 2b) , remaining virtually unchanged from 700 to 2000 simulations.
Results
360
Establishing the Number of Simulations
369
Consequently, we decided to carry out the analysis using = 700 simulations of 15 concentric imply a considerable change in the estimation of (Fig. 3a) . ALS metrics in Fig. 4a , which we considered representatives of the general trends observed.
394
These ALS metrics were the described P25, P50, P99, Skew, StdDev, Cover and CRR (Table   395 2). Fig. 4a showed an erratic fluctuation for the values of | | obtained for plot sizes smaller 396 than a radius = 5 m , which was possibly caused by the instability observed in the estimation at smaller plot sizes (Fig. 3) . For this reason, we shadowed this area in grey colour 398 in Fig. 4 , denoting that such small plot sizes were already dismissed under Criterion I. Once 399 estimation reached stabilization, its correlation to ALS metrics often yielded a convex curve 400 as plot size increased (Fig. 4a) . Therefore, the optimal plot size was possible to determine via or StdDev, this tendency was less marked (Fig. 4a) metrics for very small plot sizes, which is probably an artefact due to the above-mention 412 instability in estimation at very small plot sizes (Fig. 3) . This proved the necessity of
413
imposing Criterion I as a prior step to correlation maximization. As a conclusion, under the 414 established combined Criteria I and II, we determined that any plot radius < 6 m (113 m 2 415 area) should be avoided (denoted by grey colour in Fig. 4a) , and the optimal plot size for an 416 ALS-assisted estimation of must be carried out using scales sizing 250-450 m 2 , which 417 concerns to both the size of the field plot and the pixel of the grid employed for ALS estimation. both the field and the ALS metrics, its changes are determined by both and (eqs. 4-5), 448 and both may cause a change in the correlation between the two variables.
449
Effect of Point Density on the Relationship of 450
According to the previous results, we set the optimal plot size to * = 9 m in order to further 451 analyse the possible effects due to varying scan density. Among all the ALS metrics ( (Fig. 6) . Overall, these results therefore suggest that the relationship between 
471
(2013a) pointed out that the estimation of is affected by the area at which it is evaluated. should be large enough ( ≥ 6 m) to have minimum sample size of ≥ 15 trees (Fig. 3) .
479
Although the minimum plot size also depends on the stand density of an area, eq. (4) can be 480 used to adjust the method to any forest areas, whether sparsely or densely forested. This 481 conclusion may therefore be partly extended to other forest types, as it can be for example 482 deduced (via eq. 4) that minimum radius of ≥ 12 m would be needed in sparsely forested 483 area of only 300 stems·ha -1 (Lombardi et al., 2015) . Eq. (4) therefore brings generality to the 484 method, since plot sizes may hence be tailored to forest areas of differing stand densities.
485
In this article we also postulated that maximizing the explained variability between the 486 estimated from the field and ALS metrics could be a valid criterion to optimize the reliability 487 of ALS-assisted estimations of (Criterion II). Results in Fig. 4a showed that our 488 presumption was correct, since the | | values between and most ALS metrics, especially 489 the most correlated ones, followed a convex curve with a maximum that could be searched to 490 reach an optimal plot size / spatial resolution for the estimation. On the other hand, once the 491 reached some stabilization, the correlation between them remains largely unchanged.
492
Therefore, a lower plot size limit is to be imposed to avoid local minima that could appear as 22 an artefact of the unstable estimation of at low sample sizes. We shaded this area in grey 494 colour in Fig. 4 (a, b) , denoting the area that was already dismissed as a result of Criterion I 495 ( Fig. 3; George, 2003) . In larger plots the sample size was more representative of the total 496 population. Combining both criteria, we found in our study area that an optimal circular plot 497 radius of * = 9-12 m, which corresponds to a spatial resolution of sampling units sizing 250-498 450 m 2 (Fig. 4a) , would be suitable for ALS-assisted estimation. Since plot size and sample 499 size are interdependent (eq. 4), this result may be suitable for any area with a similar average 500 number of trees ( ≅ 1300 stems·ha -1 ; Table 2 ). According to these results, therefore, most 501 forest datasets commonly acquired in operational inventories would be acceptable for an ALS- The analyses carried out with reduced point densities revealed that lowering point density
542
barely affects the correlation between and ALS metrics, unless using a very sparse scan Table 4 . Maximum absolute correlation between field and ALS predictors (Criterion II).
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